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Abstract—5G promises many new vertical service areas beyond
simple communication and data transfer. We propose CPCL
(cooperative passive coherent location), a distributed MIMO
radar service, which can be offered by mobile radio network
operators as a service for public user groups. CPCL comes as
an inherent part of the radio network and takes advantage of
the most important key features proposed for 5G. It extends
the well-known idea of passive radar (also known as passive
coherent location, PCL) by introducing cooperative principles.
These range from cooperative, synchronous radio signaling, and
MAC up to radar data fusion on sensor and scenario levels. By
using software-defined radio and network paradigms, as well as
real-time mobile edge computing facilities intended for 5G, CPCL
promises to become a ubiquitous radar service which may be
adaptive, reconfigurable, and perhaps cognitive. As CPCL makes
double use of radio resources (both in terms of frequency bands
and hardware), it can be considered a green technology. Although
we introduce the CPCL idea from the viewpoint of vehicle-to-
vehicle/infrastructure (V2X) communication, it can definitely also
be applied to many other applications in industry, transport,
logistics, and for safety and security applications.
Index Terms—5G verticals, vehicle-to-x (V2X), cooperative
driving, intelligent transport systems (ITS), joint communication
and radar, passive coherent location (PCL), passive OFDM radar,
distributed MIMO radar network, radar resource management,
high-resolution radar parameter estimation
INTRODUCTION
The fifth generation (5G) mobile communication networks
will be driven by several key enabling technologies [1].
Among these are software-defined adaptivity and resource
allocation on the radio and network layers, massive multiple-
input multiple-output (MIMO), new frequency bands and
waveforms, device-to-device connectivity, and so on. This,
together with low latency communication and mobile edge
cloud (MEC) computing, will open new horizons in service
delivery. We will observe a transformation of radio networks
from pure wireless connectivity to a network for services,
which will foster new fields, use cases, and business models
for vertical industry applications.
Many of these, including automotive, industrial automation,
and security tasks, will need location services. Whereas posi-
tioning of mobile devices and objects provided with wireless
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tags is already widely discussed, there is an increasing de-
mand for positioning of objects that are not equipped with
any specific technical means to determine and report their
location. Obviously, this task requires radar location principles,
which rely on proper radio illumination of the objects of
interest and sensing of the backscattered signals. Here, we
propose the new principle of cooperative passive coherent
location (CPCL), which is to be an integrated radar service
of future mobile radio networks. Essentially, CPCL extends
the well-known idea of passive radar, also known as passive
coherent location (PCL). Whereas PCL does not consider
any cooperation between radar illuminators and sensors, we
assume for CPCL that all radar nodes belong to the same
network. This way, CPCL will turn the mobile radio network
into a distributed MIMO radar network, which opens a wide
scope of cooperation between sensor nodes reaching from
cooperative bi-/multi-static target scene illumination up to
radar data networking and fusion.
Although it seems to be applicable to different mission-
critical vertical services in automotive, logistics and public
safety, we introduce the CPCL idea from the viewpoint of co-
operative driving. Therefore, this article starts with a short and
concise overview of vehicle-to-vehicle (V2V)/infrastructure
communications (V2X) with an emphasis on long-term evolu-
tion (LTE) vehicle-to-everything (V2X) and the 5G perspec-
tive. We give a survey of the current situation of automotive
radar as one location sensor principle for automated and
cooperative driving and review conventional PCL. Based on
this, we elaborate on the basic idea of CPCL, highlight the
challenges and the potential of CPCL as an inherent radar
service in future 5G networks, and summarize the most impor-
tant related research questions. We also give a first measured
example to demonstrate its feasibility.
CURRENT SITUATION IN V2X COMMUNICATIONS AND
RADAR SENSING
CPCL builds upon various technologies and developments
in wireless mobile and vehicular communication networks, as
well as traditional radar sensing approaches.
5G Perspective for V2X Communications
With the LTE-V2X standard, 3GPP recently has made the
next step towards 5G V2X communications, accelerated by
the global cross-industry 5G Automotive Association as a co-
operating market representation partner (MRP). This alliance
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2proposes the coexistence of cellular V2X (C-V2X) and ITS-G5
by spectrum sharing [2]. Given the virtual ubiquity of cellular
infrastructure, C-V2X will enjoy all advantages of a commer-
cial cellular network managed by mobile network operators
(MNOs). The V2X roadside access could be handled with the
same field equipment that is rolled out for cellular services.
It provides a scalable and extendable technology platform and
paves the road to 5G. This allows for quality-of-service control
and offers seamless network access to all resources, services,
and contents offered by the MNOs. Moreover, MNOs can
define and offer specific services for road users and schedule
radio and network resources according to their needs.
Road Traffic Situation Awareness and Cooperative Radar
Sensing
The visionary aims of ITS-G5 are automated and connected
driving, road safety, and traffic efficiency. Communication
between cars and the dedicated infrastructure in terms of
messaging is one enabler for cooperative driving. The co-
operative awareness messages (CAMs) enable gaining road
traffic situation awareness in real time. However, it is restricted
to appropriately equipped entities and relies on self-location
of cars based on satellite and inertial navigation and map
matching. While the automobile industry still uses the term
“ego-car” to emphasize the autonomy and self-reliance of the
car driver, it becomes obvious that more advanced coopera-
tion can significantly enhance road-traffic situation awareness.
Efficient control and coordination of a certain traffic situation
on intersections would require centralized data processing that
collects information from all sensors carrying entities and
fuses it with additional information available in the road-side
units (RSUs) from auxiliary sensors or from databases (like
maps).
Radar sensors are very well established for adaptive cruise
control (ACC) and collision avoidance. They range over long
distances and under bad weather conditions, do not need
visible light illumination, allow direct relative speed measure-
ments, and provide overview coverage. However, the current
penetration rate is still low and radar application mostly re-
stricted to high-end cars and trucks. Future cars will have mul-
tiple radar systems on board to extend the field of view and the
duty cycle will increase to cope with highly dynamic scenarios.
It is more than reasonable to predict an exponential growth
in radar sensor density. However, massive radar sensing will
cause a lot of interference and interoperability problems [3].
The core problem of coexistence is that existing automotive
radar does not include any advanced medium access control
scheme. There are also only limited possibilities to provide
new frequency bands for hosting more radar users since even
in the millimeter-wave frequency region there is already an
increasingly strong competition with communication systems.
Overview of PCL
Radar has a long history in military and civilian air, space,
and maritime surveillance. Although there are several parallels,
radar and radio communications have developed separately in
history and radio resources (frequency bands) are typically
used in an exclusive and sometimes competitive way – with
the remarkable exception of PCL. Passive radar does not
use a dedicated transmitter for target illumination. Instead,
PCL uses so-called transmitters-of-opportunity, for example,
terrestrial broadcast transmitters or cellular communication
systems. Obviously, range, coverage, and resolution scale with
transmit power and bandwidth, which makes the applicable
primary radio source dependent on the required target location
performance. A topical overview on passive radar for civilian
and military application is given in [4].
The basic PCL setup consists of a transmitter-of-opportunity
illuminating the target and a dedicated remote PCL sensor
receiving both the line-of-sight (LoS) signal and the signal
that is backscattered from the target. The former is taken
as a reference and being correlated with the backscattered
wave. The excess delay derived from the correlation maximum
defines an ellipse, describing the possible positions of the
target relative to the transmitter and the sensor positions.
Another pair of nodes (e. g., a second transmitter) would
provide another ellipse, with their intersections indicating
the potential positions of the target. This reveals a basic
difference between PCL and standard automotive radar. The
latter is ”monostatic” meaning that the target is illuminated and
observed by the same antenna, or by antennas that are almost
at the same position (quasi-monostatic). The illumination and
observation geometry of PCL is called bi-static or multi-
static (in case of multiple illuminators and/or observers), also
known as distributed MIMO radar [5]. As PCL relies on the
ubiquitous available broadcast or cellular radio transmitters, it
neither needs dedicated transmitters, nor additional frequency
resources.
CPCL: BASIC CONCEPT
Given the described state of the art, let us ask: Can passive
radar become an inherent service of a mobile radio network?
As with PCL, CPCL makes double use of the communication
signals. Contrary, however, in CPCL the sensors are not
independent from the mobile communication network. The
radar nodes are booked in as user equipment (UE) devices.
This offers various opportunities for cooperation between
radar-UEs and the network. In CPCL, any radio node can act
as an illuminator or observer. In traffic scenarios, this may
include vehicles and fixed illuminators, like RSUs or base
stations (eNodeB (eNB)). In such a joint communication and
radar network, cooperation has many facets. On the signal
level, CPCL can profit from synchronization of all radio
nodes involved, maintaining mutual orthogonality. Addition-
ally, medium access control mechanisms minimize congestion,
interference, and collisions. Upcoming V2X communications
will inherently submit cooperative vehicle status information
such as precise position and speed required for radar location
and Doppler reference. Radio nodes can further cooperate
by adjusting their radio resource parameters according to
target location needs. Locally estimated target parameters can
be exchanged by the same radio network and fused on a
higher level. Generally speaking, CPCL can make use of
all the network resources to be deployed in 5G, creating an
unprecedented, powerful radar network.
3Fig. 1. CPCL – Traffic Scenario. V2X communication signals of cars and
roadside units (yellow arrows) illuminate the road user including those not
equipped with V2X. All information available from the backscattered signals
(green arrows), other sensors (such as ACC radar) and a priori information,
for example, from maps, is processed together in the MEC, allowing for low
latency computational services.
Another facet of CPCL is its inherent resource efficiency.
It makes dual-use of the allocated scarce frequency resources.
Also, the radio system resources are dual-used, reducing costs.
Moreover, with the mobile radio network, an ubiquitous radar
service will be available whose coverage and performance au-
tomatically improve with future updates to network resources.
5G Key Enabling Technologies Relevant for CPCL
The features announced for C-V2X (see 3GPP release
14) already widely support the CPCL idea. This holds even
more for future 5G networks. The scalable radio access
techniques based on orthogonal frequency division multiple
access (OFDMA) and the upcoming generalized and filter
bank based versions [1] are nicely suited for radar signal
processing. V2X would support different MIMO radar setups
where any radio node like the ones depicted in Fig. 1 can
act as a radar node. This includes single-input multiple-
output (SIMO) (from downlink communication), multiple-
input single-output (MISO) (from uplink communication),
and MIMO (from device-to-device and V2V communication).
Channel bonding and carrier aggregation can deliver increased
bandwidth and frequency diversity for enhanced range esti-
mation. Even more bandwidth for high range-resolution will
be available at millimeter-wave frequencies. If full-duplex
transceivers appear, CPCL gains an extra monostatic property.
Massive array beamforming will allow high-resolution spatial
(directive) filtering and estimation. Finally, low latency com-
munication and powerful computing resources in the MEC
support real-time interaction between cars and infrastructure,
data fusion, and controlling radar PHY-parameters in road
traffic environments [6].
CPCL CHALLENGES IN SIGNAL PROCESSING, DATA
FUSION AND IMPLEMENTATION
Although orthogonal frequency division multiplex (OFDM)
has been used as a wideband excitation signal for channel
sounding for many years [7], [8], it was only recently con-
sidered a favorable radar waveform. Moreover, OFDM is the
native illumination waveform in case of PCL together with
DVB-T, DAB, WLAN or LTE [9]. From frequency domain
system identification, it is well known that periodic multi-
frequency signals guarantee a leakage-free computation of the
signal spectra through fast Fourier transform (FFT), which
stands for a low estimation variance of the frequency response
function. This assumes that a cyclic prefix is applied and
carrier orthogonality is maintained at the receiver. So, for
OFDM the basic assumptions of optimum signal processing
in communications and radar coincide.
As a communication signal is modulated by the information
data stream, we do not a priori know the transmit signal,
which is needed as a correlation reference for radar signal
processing. Fortunately, in a cooperative communication en-
vironment, all the advanced measurements for robust signal
reception for modern mobile radio, can be applied for transmit
signal recovery. CPCL does not need an auxiliary reference
receiver channel. Figure 2 shows the basic receiver signal flow.
OFDM-based CPCL includes the standard signal processing
chain of synchronization, cyclic prefix removal, FFT, channel
estimation, and cyclic frequency domain equalization. Once
the transmitted symbol is recovered, the channel frequency
response function is calculated symbol-wise by inverse filter-
ing.
Subsequent inverse fast Fourier transform (IFFT) results in
the channel impulse response which indicates the multipath
time delay. In radar terminology, the time delay is called
"fast time". This type of channel estimation is different from
the one required for data transmission. Radar needs higher
dynamic range (as we are looking for small details in the
impulse response) and maximum rate consecutive channel
impulse response processing for Doppler shift estimation and
Doppler filtering. This filtering is implemented as another
FFT filter bank (Doppler-FFT (D-FFT)) along the so-called
"slow time" axis, which describes the temporal evolution of
the impulse response. Hereby, we assume that the channel
response factorizes with respect to time-delay and Doppler
frequency, which requires the OFDM symbols to be shorter
than the channel coherence time. This is usually the case in
mobile radio.
Target detection will be carried out in the magnitude-
squared delay-Doppler spreading function, which is known as
scattering function. The respective maximum integration time,
which corresponds to the slow time D-FFT-window, is limited
by the moving speed of the target and the respective change
in delay relative to the width of any delay bin on the fast time
axis. Maximizing the integration time allows signal-to-noise
ratio (SNR) gain and, hence, better detection of weaker target
returns. This type of Doppler shift processing is the key for
separating the signals scattered back from the moving targets
from those of the static environment.
A specific problem arises from the multi-user resource
allocation in LTE in frequency and time as illustrated by Fig. 3.
If the resource grid would be occupied uniformly by physical
resource blocks (PRBs) belonging to a single user only, the
magnitude-squared ambiguity function would be sinc-squared
in the range and Doppler domains. However, in the multi-
user case, the PRBs for any user are distributed more or less
sparsely and multiple users are interleaved in frequency and
time. There can even be blanks. In case of a downlink-radar
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Fig. 2. OFDM signal processing scheme for estimation in the joint delay-
Doppler domain. The non-marked blocks correspond to regular receiver
processing, whereas the marked blocks describe the radar specific processing
which consists of normalized cross-correlation, IFFT for channel impulse
response calculation and another FFT filter bank to transform to the Doppler
domain (S2P: serial to parallel conversion, M: number of carriers, D: number
of OFDM symbols used for Doppler filtering). This results in the M×D two-
dimensional delay-Doppler spreading function.
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Fig. 3. Example LTE resource allocation (frequency-time resource grid) of
three users (marked by different colors). The physical resource blocks are
composed of 7 OFDM symbols with 180 kHz bandwidth and contain reference
symbols.
(eNB to UE), any radar-UE could perhaps process the full
OFDMA symbol. For an uplink-radar (UE to eNB) there is
no such chance. The parts of the radio frame, which belong
to different UEs in the up-link, have to be considered as a
separate measurement. Hence, the delay-IFFT has to process
the PRBs belonging to different radar-UEs separately.
The resulting sparse occupation in the frequency-time plane
would degrade the shape of the resulting ambiguity function.
Hence, more sophisticated range-Doppler parameter estima-
tion procedures are required. One option would be sparse
reconstruction based on compressive sensing schemes. An-
other one is model-based parameter estimation, for example,
as described in [7], [10], [11]. The latter needs a physi-
cally motivated parametric data model to represent both the
multipath propagation as well as the instrument function of
the device signal processing chain, which can be determined
by calibration. This data model would effectively interpolate
the missing samples in the sparse frequency-time resource
grid and extrapolate it allowing for high resolution in the
delay/Doppler plane beyond Rayleigh resolution.
However, there is a tremendous amount of open research
questions. Here we can only provide a short overview.
Radar Signal Processing
CPCL represents a distributed MIMO radar network in
which the illuminator, the sensor, as well as the target can be
moving. This means that the clutter originating from the static
environment may now have a Doppler shift. The separation
of target signal returns from clutter may be enhanced by
estimating target tracks. Target tracking can be supported if
dynamic target parameters such as speed vectors beyond mere
instantaneous location are estimated. To keep up with the fast
changing scenario, the Doppler-FFT needs to be replaced by
a recursive estimator to reduce latency time.
Moreover, spatial, frequency, and temporal (along slow
time) diversity can be exploited to further enhance detection
probability. Spatial and frequency resources can be locally
concatenating or widely distributed to maximize diversity
gain and/or resolution. The distributed respectively multi-
static radar geometry gains spatial diversity because of the
inherent aspect-angle variability of the bi-static radar cross-
section (RCS). On the other hand, multiple co-located antennas
(respectively antenna arrays) at eNB and even UEs would
allow spatial filtering and directional estimation.
The complementary counterpart in terms of frequencies is
variable bandwidth, bonding of neighboring frequency chan-
nels, or aggregation of widely fragmented bands. The concate-
nated bands may be mutually coherent or non-coherent. High
range resolution can be expected even at lower frequencies
(hence lower bandwidth) if diverse sub-bands are available.
Therefore, CPCL radar requires advanced distributed detec-
tion and estimation schemes.
Network, Signaling, Synchronization, and Hardware Issues
There are many research questions related to radio design,
such as maximizing the receiver dynamic range as weak radar
echoes have to be identified in the presence of strong LoS
and clutter signals. Massive array beamforming will support
LoS reference signal extraction by multipath filtering, relax
dynamic range problems, and allow direction of arrival (DoA)
estimation for target location. The millimeter-wave bands
envisaged for 5G will offer bandwidths comparable to those
of current automotive radars. In terms of the radio network,
CPCL could use both eNBs or UEs as illuminators, resulting in
SIMO or MISO radar networks. Direct cooperation of multiple
eNBs or UEs would allow building MIMO radar networks.
Optimum design rules and achievable performance figures are
unknown at present. This holds true if we compare upcoming
5G and ITS-G5 for the case of V2V. Fully synchronous,
eNB controlled, and inherently parallel operation of multiple
moving radar UEs in 5G will be a big advantage.
Communication vs. Radar Resource Scheduling
CPCL will develop its highest potential if the radio re-
sources would be allocated and managed in a suitable way
to adapt and optimize the joint radar and communication
performance. This would include choosing the proper PRB-
distribution in time and frequency, allocation of multiple radio
bands, predistortion, and allocation of spatial resources. For
instance, well-known capacity maximizing OFDM subcarrier
5power allocation schemes like water filling and worst sub-
carrier avoiding (WSA) algorithms have already found their
equivalence in multiple and extended target MIMO radar [12].
Specific procedures will be applicable if spatial precoding is
involved. Without centrally controlled resource scheduling, for
example, in 802.11p or LTE-V (in case of missing cellular cov-
erage), distributed medium access control (MAC) mechanisms
would need to coordinate radar and communication resources
accordingly.
Data Fusion and Adaptive Operation
CPCL inherently is a multi-sensor technology. This means
that a wide variety of measurements is available, which have
different uncertainty characteristics. The key estimation pro-
cedures will rely on Bayesian data fusion, multiple hypothesis
estimation, and tracking [13]. This requires different levels
of data fusion ranging from fusion of local platform data to
distributed fusion, and dynamic scene analysis at critical traffic
hotspots. Real-time map services will submit precise location
information of static objects usable as reference landmarks for
CPCL calibration. The use of the real-time computing facilities
of the MEC for CPCL distributed data fusion, sensor resource
allocation, and sensor mission control will be a challenging
field of research. We believe that reusing of the communication
payload signals as radar illumination signals, instead of defin-
ing specific “radar pilots”, gives us the required signal design
flexibility for wide scale radar system performance adaptation.
The MEC also bridges the gap between the “local awareness
bubble” to the higher geographical layers of traffic control.
INITIAL MEASURED EXAMPLE
In the following, we present first results from an initial
measurement campaign of a bi-static radar scenario with one
illuminator (Tx) and two sensors (Rx) as shown in Fig. 4a.
In this simple example, Tx and both Rx were stationary and
only the target car was moving.
The goal of the experiment was to demonstrate the feasibil-
ity of the signal processing approach described in Fig. 3 and
to answer the question: “Given typical radio parameters and a
typical bi-static road traffic scenario, can we see the moving
object?”
The measurement was carried out with spatially distributed
software-defined radio modules as transceivers and an 80MHz
OFDM signal. The slow-time sequence of the power delay
profiles (not shown here) does not reveal the target as it is
masked by the strong LoS signal and static clutter. However,
it is clearly visible in the magnitude-squared delay-Doppler re-
sponses (scattering functions) in Fig. 4b, which are calculated
by a 10ms FFT (D-FFT) along slow time at sensor Rx2. The
scattering function at Rx1 would show the target response at
a different time delay and a different Doppler shift according
to the respective bi-static geometry.
This example clearly shows that clutter removal would need
well-defined signal processing measures, which exploit the
dedicated Doppler shift of the target to distinguish it from
the static background. High-resolution parameter estimation
can further enhance target location and clutter removal.
(a)
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Fig. 4. Measurement setup and results. a) Bi-static radar scenario. Transmit-
ting and receiving cars are static. The radar target on the right drives along
the black arrow. b) Doppler shift (α) vs. fast time (τ) response at Rx 2.
The scattering function clearly indicates the moving target. The static clutter
collapses at Doppler shift zero. Both visible rifts stem from removal of strong
static paths via high-resolution post-processing.
TABLE I
OVERVIEW COMPARISON OF CPCL TO PASSIVE RADAR (PCL) AND
CONVENTIONAL DEDICATED RADAR.
Feature CPCL PCL Dedicated radar
Range resolution + 0 ++
Diversity gain ++ + 0
Low signal processing effort + + ++
Resource efficiency ++ + 0
Level of cooperation ++ 0 0
Coverage and ubiquitousness ++ + 0
Standalone operation 0 0 ++
Integrated service level ++ 0 0
Adaptability ++ 0 +
CONCLUSION AND OUTLOOK
We have introduced and explained the new concept of
CPCL. Within the 5G perspective, CPCL promises to turn the
mobile radio network into an ubiquitous radar network, which
may be adaptive, reconfigurable, and even cognitive. The
scalability and flexibility of 5G will allow tailoring of CPCL
to a variety of application classes. The real-time computing
6facilities of the MEC will support radar data fusion on sensor
and scenario levels and eventually enable the MNOs to offer
CPCL as an integrated service for public user groups. The
unprecedented service potential of CPCL comes from the fact
that it exploits the newest radio communication principles
developed throughout an unrestrained progress in mobile radio
over the last decades. As CPCL makes secondary use of
communication signals and network resources for radar, it can
be seen as a resource-saving green technology. This goes along
with the access to all radio frequencies assigned for mobile
services which not only opens a huge potential for radar
frequency diversity but may even solve the competition issue
in frequency assignment between radar and communication
community. Whereas dedicated automotive radar at millimeter-
wave frequencies currently has the highest range resolution
potential, CPCL will gain with the 5G millimeter-wave bands.
Moreover, carrier aggregation at frequencies below 6 GHz
effectively offers GHz resolution capability together with the
range advantage of the lower frequencies.
CPCL is a comprehensive integration of radar functionalities
into the framework of mobile radio systems. This makes
the difference to the alternative RadCom idea [14], which
assumes a communication link extension to radar. Therefore,
we propose the term ComRad as another appropriate acronym
for CPCL.
Compared to simple passive radar, CPCL has many advan-
tages, which we have discussed in this paper (see also Table
1 for an overview). Among those are a full synchronous and
orthogonal operation (also for multiple sensors) which reduces
estimation variance. This cannot be achieved with passive
radar as PCL lacks any cooperation between the illuminating
and sensing radio nodes. Therefore, PCL does not allow
adaptive radio resource allocation and for data fusion it needs
a separate communication network. On the other hand, CPCL
allows a high level of cooperation since both the illuminator
and the sensor are booked in the same network.
The advantage of CPCL to conventional automotive radar
is that a CPCL network may automatically have access to all
the communication and data fusion capabilities at hand. This
allows building synchronous SIMO, MISO, or MIMO radar
networks, which would be necessary to reach full road traffic
situation awareness on scenario levels including multi-lane
crossings and spread out traffic hotspots. The bi-static view,
the dense network of sensors, frequency diversity and adap-
tive/cognitive management of the available radio resources
offer unprecedented performance features. Furthermore, syn-
chronous signaling and medium access control schemes, which
are an inherent part in a CPCL network, will automatically
solve many interference and collision problems that conven-
tional dense radar networks will be faced with in the future.
This brings us to the obvious question: Can radar borrow ideas
for medium access control and radio resources scheduling
from mobile radio? CPCL is the comprehensive and positive
answer to this question.
CPCL can actually be seen as a framework that supports
and extends conventional automotive radar. CPCL may even
host stand-alone radar as an auxiliary class of sensors in a
generic communication centered ComRad radar network.
Although the dictum of this paper was driven by require-
ments from the automotive sector, it becomes obvious that
there may be other vertical markets related to mobility, secu-
rity, and industrial areas, where an integrated communications
and radar service could be a great benefit. We eventually deem
that CPCL could be a service that may be offered by the
MNOs to public user groups and public safety agencies, for
example, for road traffic monitoring, logistics, mobility, and
several security applications, as it is likely that 5G networks
will play a more important role for safety and mission-critical
communication than earlier mobile radio generations [15].
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